Lactobacillus converts glucose to lactic acid. [17] [18] [19] [20] Large numbers of Lactobacillus spp. also increase hydrogen peroxide (H 2 O 2 ) and other antibacterial substances and decrease vaginal pH and bacterial diversity. [21] [22] [23] [24] [25] High-throughput sequencing of the region of the bacterial 16S rRNA gene is a powerful tool for assessing and comparing the structure of microbial communities at a high phylogenetic resolution. 16S rRNA sequencing can obtain more accurate qualitative and quantitative information on the microbiome, and it is also Short-read and cost-effective, moreover, marker gene analysis is frequently used for broad studies that involve a large number of different samples. 26 The goal of this study was to use high-throughput sequencing to identify biomarkers for CV.
| MATERIAL AND ME THODS

| Specimen collection
Vaginal secretion samples were obtained using aseptic cotton swabs from 43 patients with CV (CV group) and 32 healthy women (CK group). The samples were stored in phosphate-buffered saline (PBS) 
| PCR amplification and 16S rRNA sequencing
The V3-V4 region of the 16S rRNA gene was amplified with primers 338F (5′-ACTCCTACGGGAGGCAGCAG-3′) and 806R
(5′-GGACTACHVGGGTWTCTAAT-3′). 27 The 5′ ends of the primers were tagged with sample-specific barcodes and universal sequencing 
| Data analysis
Samples were sequenced by LC-Bio Technology Co., Ltd. Pairedend reads were assigned to samples based on their unique barcode, and samples were truncated by cutting off the barcode and primer sequences. Paired-end reads were merged using FLASH (v1.2.8).
28
Quality filtering on raw tags was performed using specific filtering conditions to obtain high-quality clean tags with FastQC. Verseach (v2.3.4) 29 was used to filter chimeric sequences and to assign samples with ≥97% sequence similarity to the same operational taxonomic units (OTUs). The representative sequence of each cluster is selected to represent the operational taxonomy units (OTUs). 30 Representative sequences were chosen for each OTU, and taxonomic data were assigned to each representative sequence using the Ribosomal Database Project (v11.5) [31] [32] [33] and NCBI classifier.
OTU abundance data were normalized using a standard sequence number corresponding to the sample with the least number of TA B L E 1 Characteristics of the study population sequences. These indices were calculated for our samples using QIIME (v1.8.0). 34 We used R packages to create receiver operating characteristic (ROC) 35, 36 curves and other images and conducted functional prediction analyses using PICRUSt. 37 We used STAMP (v2.1.3) 38, 39 for statistical analyses of differences.
| RE SULTS
| OTU Sequence diversity and richness
Characteristics of women from groups CV and CK are shown in Table 1 . We obtained 21 665 reads from women in the CK group and 21 798 reads from women in the CV group. Using a cutoff of 97% sequence similarity, we identified 645 OTUs. Because alpha diversity is often used to reflect the diversity of a particular environment or ecosystem based on the richness and uniformity of species and the depth of sequencing, we assessed alpha diversity using seven common indicators 40 (Table 1) .
| Taxonomic variation at the phylum, genus, and species levels
Although the vaginal microbiota of all women in the study was characterized by high levels of Firmicutes, their abundance was significantly higher in the CV group (97.53%) than in the CK group (88.85%; P = 0.0054). In contrast, the abundance of Actinobacteria was 4.44%
in the CK group and 0.27% in the CV group. Similarly, the abundance of Fusobacteria was 2.28% in the CK group and 0.01% in the CV group (Figure 1 . Phylum). Diversity was also higher in the vaginal microbiomes of the CK group, which included Gardnerella (3.19%; P = 0.008), Sneathia (2.26%; P = 0.0001), and Streptophyta (1.44%; P = 0.41) (Fig 1. Genus) .
Lactobacillus was the most prominent genus detected in both the CK (83.8%) and CV groups (97.2%; P < 0.001). In addition to the overall difference in the abundance of Lactobacillus between the CK and CV groups, differences were observed in the abundances of 
| Differential analysis of microbiota using linear discriminant analysis (LDA) effect size (LEfSe)
We investigated differences in the microbiomes of the two groups 
| Suitable biomarkers for CV identified using ROC plots
ROC curves combining sensitivity and specificity with graphic methods and the area under the curve (AUC) were calculated to evaluate
F I G U R E 1 Composition of the vaginal microbiomes of healthy women (CK group) and cytolytic vaginosis (CV) patients (CV group).
Relative abundance is shown at the phylum, genus, and species levels the accuracy of diagnoses. Results were considered accurate for AUC values between 0.7 and 0.9 and highly accurate for AUC values >0.9. Using these criteria, we determined that L. crispatus and Lactobacillus sp. L-YJ could be used as biomarkers to distinguish between the CK and CV groups (Fig 3) . Using ROC curve analysis, Ki be related to differences in the vaginal microflora between women from China and South Korea.
| PICRUSt analysis of Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways
Kyoto Encyclopedia of Genes and Genomes (KEGG) orthology identified six level 2 and 3 KEGG categories, including metabolism of cofactors and vitamins, nucleotide metabolism, carbohydrate metabolism, translation, replication and repair, and membrane transport. The most enriched KEGG categories in the CV group were carbohydrate metabolism, which included seven level 3 pathways, and membrane transport, which included two level 3 pathways. In particular, citrate (TCA) cycle, pyruvate metabolism, starch and sucrose metabolism, glycolysis/gluconeogenesis, and phosphotransferase system (PTS) pathways were significantly enriched in the CV group (P < 0.01; Fig 4) . These results were supported by PICRUSt analyses and by P values for Welch's t-tests computed using STAMP.
| DISCUSS IONS
This study aimed at examining the variability between the microbiomes of patients with CV and healthy women to accurately detect CV and avoid inappropriate treatment and provided a comprehensive overview of the vaginal microbiome of patients with CV and healthy women in China using short-read, high-throughput sequencing of the V3-V4 region of the bacterial 16S rRNA gene. In our study, we found that the vaginal microbiomes of patients with CV were significantly less diverse than those of healthy women. Lactobacillus spp.
were highly abundant in all women but were more abundant in CV patients than in healthy women (P < 0.05). These results support previous reports that CV is characterized by the abundant growth of Indeed, the abundant growth of L. crispatus appears to be a key factor in the development of CV.
Balanced microbiota in healthy women protects not only against ascending infections or HIV acquisition, but also against prematurity. [43] [44] [45] There The vaginal microbiome must be kept in a complicated balance.
Internal and external factors that affect this balance and change the composition of the vaginal microbiome may lead to the development of CV. Therefore, assessing the microbiome may help to reduce the incidence of CV. 
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The human materials used were vaginal swab samples, and all patients provided written informed consent.
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